The main defenders of the respiratory organs against microorganisms and other foreign substances are the pulmonary macrophages. The majority of these cells, which belong to the mononuclear phagocyte system (1), are normally located in the alveolar spaces, where they phagocytize surfactants (2) and various substances introduced via the airways ; the remainder occur in the interstitial lung tissue (3) . The origin and kinetics of the pulmonary macrophages have been controversial, mostly because of differences in the interpretation of DNA-labeling characteristics in the absence of accurate quantitative information. Recently, a method developed to study the total pulmonary macrophage population by optimal lavage of the airways followed by enzyme digestion of lavaged lung tissue after removal of circulating monocytes from the pulmonary blood vessels enabled us to demonstrate that the great majority of the pulmonary macrophages of mice in the normal steady state derive from circulating monocytes originating in the bone marrow (4), and that local proliferation of mononuclear phagocytes does not play a significant role in the maintenance of the pulmonary macrophage population . ' The origin and kinetics of the increased number of pulmonary macrophages during acute inflammatory reactions are, however, still a matter of debate . On the basis of studies done of inflammation induced by various stimuli ranging from inert particles to pathogenic microorganisms and noxious gases in various animal models, both an influx of circulating monocytes and interstitial multiplication of macrophages or macrophage-precursor cells have been claimed to contribute to the pulmonary macrophage population under these conditions (5-9) .
there was only a relatively small increase in the number of lymphocytes (data not shown) .
The total number of cells isolated from the lungs by lavage and enzyme digestion rose within 12 h after BCG administration from 22 X 106 to >32 X 106 cells and diminished gradually after 48 h to^-25 X 106 at 144 h after the injection (data not shown) . The increase was caused mainly by the increased number of cells isolated by enzyme digestion of lavaged lung tissue . In these suspensions, only macrophages and granulocytes could be recognized with certainty, and therefore the quantitation of cells was confined to these two cell types .
The total number of pulmonary macrophages (normally,^-2 X 106 cells) showed an initial increase followed by a temporary decrease from 12 to 24 h and then a rise to maximal levels (^5 X 106 cells per mouse) at 96-120 h after BCG injection ( Fig.  1 B) . The total number of granulocytes in the lungs (normally,^" 1 X 106) peaked to >6 X 106 at 2 h after BCG injection, remained fairly high during the next 48 h, and then dropped gradually to a near-normal level at 96 h after BCG injection. (Fig. 1 B) .
In the suspension obtained by enzyme digestion, the number of macrophages rose during the first 12 h from 0.6 X 106 to >3 X 106 cells and declined at later times to about twice the normal value at 144 h ( Fig. 2A) , and this suspension contained virtually all of the granulocytes present in the lungs (data not shown) . In the suspension obtained by lavage, the number of macrophages remained roughly constant for the first 48 h, and then rose to a maximum of 3.5 X 106 at 96-120 h (Fig.  2 A) . Initially, there were hardly any granulocytes in this suspension, but their number increased somewhat to a maximum of 0.5 X 106 at^"96 h after BCG administration and thereafter decreased to near-normal numbers (data not shown) .
Quantitation of Morphologically Distinct Types of Macrophages Isolated from the Lungs after
Intravenous Injection of BCG. In the animals with BCG-induced pulmonary inflammation, many of the glass-adherent macrophages showed the same characteristics as pulmonary alveolar macrophages of normal mice after culture on glass for 24 h, i.e., a round or oval cell shape with an oval to slightly bean-shaped nucleus, some clearly visible nucleoli, and a cytoplasm :nucleus ratio >1 ; these cells do not form large pseudopods on a glass surface within 24 h, and rarely do so after longer culture . Such macrophages are called alveolar-macrophage-like (AML) cells ( Fig. 3 and Table I) . We also found cells with some divergent features, but that were certainly macrophages because they adhered to glass, were positive for nonspecific esterase staining, and often contained intracytoplasmic particles such as erythrocytes, remnants of various dead cells, and BCG bacilli-as demonstrated by ZN staining . In 24-h cultures, these cells were usually much smaller than the AML macrophages, had a lower cytoplasm : nucleus ratio, were sometimes stretched out or bore large pseudopods, and usually contained a bean-shaped or nearly horseshoe-shaped nucleus in which nucleoli could not always be discerned . These macrophages are called non-alveolar-macrophage-like macrophages (NAML) ( Fig. 3 and Table I ). In animals in the normal steady state, a small number of NAML macrophages are also found, but only among the cells harvested by enzyme digestion . The characteristics of the AML and NAML macrophages are given in Table I . The great majority of both types of cell carried Fc receptors, and all phagocytosed IgGcoated erythrocytes. The presence of complement (C) receptors was much more common on NAML than on AML macrophages . However, the percentage of C- receptor-bearing AML increased with time after BCG administration (Table I) ; the presence of C receptors on AML was not correlated with the presence of intracellular BCG .
Because the morphological differences between AML and NAML macrophages were distinct and occurred in all suspensions harvested from BCG-treated animals, Morphology, Cytochemical, we analyzed the results on the basis of not only the isolation procedures, but also on the basis of the classification according to the two types . The total number of NAML macrophages rose 10-fold in the first 12 h to 1 .5 X 106, and then decreased gradually ( Fig. 2 B) ; the total number of AML macrophages initially showed a moderate rise up to 12 h after injection of BCG, followed by a decrease to normal at 24 h and then a rise to^-4 X 106 at 96-120 h (Fig. 2B) . Of the macrophages in the suspensions of enzyme-digested tissue isolated after BCG, >50% were of the NAML type at 12 and 24 h, and this percentage declined to^"20 at 144 h. In the lavage fluid, the percentage of NAML macrophages was much smaller,^5% up to 72 h after injection of BCG, and slightly more at later times. Thus, the increase in the total number of macrophages is initially mainly a result of an increase of NAML macrophages, and only at later times of an increased number of AML macrophages.
Characteristic
In Vivo Labeling Studies with [ 3H] Thymidine after Intravenous Administration of BCG The mice were given an injection of 25 pCi [3H]thymidine, and within 5 min, an injection of 0.25 mg BCG. The in vivo labeling index of the monocytes increased quickly to a maximum of 40% at 12 h and remained high during the next 36 h, after which it decreased (Fig. 4A) . The mean labeling index of the pulmonary macrophages was a maximum of 18% at 24 h after BCG injection, and after that decreased gradually (Fig. 4A) . Initially, the labeling index of the macrophages from enzyme-digested tissue was considerably higher than that of the macrophages isolated by lavage, but the former decreased after 72 h and the values were roughly the same at 120 and 144 h after BCG administration (Fig. 4B ) . In the morphologically defined populations, the difference in labeling indices between NAML and AML macrophages was striking (Fig. 4 B) . In the first 48 h after BCG administration nearly all in vivo labeled cells belonged to the NAML type, and at later times, the number of labeled NAML macrophages decreased, whereas the AML population contained an increasing number of labeled cells (Fig. 4C) .
In Vitro Labeling Studies with ( 3H)Thymidine after Intravenous Administration of BCG After BCG injection the total number of DNA-synthesizing pulmonary macrophages per mouse, measured by in vitro [3H]thymidine incorporation, showed a transient increase from 0.5 X 105 in normal mice to 3.6 X 105 maximally at 72 h after BCG (Fig. 5A) . Comparison of the in vitro labeling indices for the total population after 2, 24, and 48 h of incubation shows that the number was almost doubled in the second 24 h of incubation (Table 11) by cell division or an increase in the number of DNA-synthesizing cells in the cultures .
Contrary to the findings in the normal steady state (4), slightly higher in vitro labeling indices were found for the population isolated by lavage than for the population from enzyme-digested tissue (Fig. 5 B, upper panel) . A striking divergence was found in the morphologically determined populations : the in vitro labeling index of the AML was clearly higher than that of the NAML between 24 and 96 h after BCG administration (Fig. 5 B, lower panel) . The labeling indices of the NAML were constantly low (^-2%), and approximately equal to the value found for pulmonary macrophages in the normal steady state (4) . 
In vivo labeling of mononuclear phagocytes after intravenous administration of BCG. (A) Labeling indices of circulating monocytes (X) and pulmonary macrophages (O) . (B)
Labeling indices of pulmonary macrophages subdivided on the basis of isolation methods and morphological criteria . 0, Macrophages isolated by lavage ; 0, macrophages isolated by enzyme digestion of lung tissue after lavage; ", AML; ", NAML . (C) Total numbers of pulmonary macrophages and numbers of labeled pulmonary macrophages subdivided on the basis of morphological criteria. ", Total labeled pulmonary macrophages; ", labeled AML; ", labeled NAML.
because of the diminished influx of circulating monocytes (13) . In HC-treated mice given BCG intravenously 48 h after HC, the total number of pulmonary macrophages decreased during the first few days after BCG administration and remained constant after that (Fig . 6A) . Analysis according to the method of cell isolation showed that after BCG injection the number of macrophages isolated by lavage decreased, whereas the number isolated by enzyme digestion remained almost constant ( Fig . 6 A, upper panel) . Analysis according to cell morphology showed that the initial decrease was mainly a result of a moderate decrease in the number of AML, whereas a concomitant slight increase in the number of NAML was considerably smaller than normally found after intravenous administration of BCG ( low, and after 48 h, rose slightly above normal levels ( Fig. 613 ), but remained much lower than in BCG-injected-but otherwise normal-animals ( Fig. 5 B, upper panel) . BCG-containing Pulmonary Macrophages in Normal and HC-treated Animals. The percentage of macrophages that had phagocytosed BCG was established at each time point after a 24-h incubation, under the assumption that the washing procedures during cell isolation and at the end of the incubation period (in a total of 12 washes) had removed bacilli adhering to the outer surface of the macrophages. In normal animals, the mean percentages of BCG-containing macrophages in the suspensions isolated by lavage and enzyme digestion show that phagocytosis of BCG is initially performed by the macrophages isolated by enzyme digestion (Table III) . The number of BCG-containing macrophages in the lavage fluid increased considerably with time, whereas the number of BCG-containing macrophages in the enzyme-digested suspension decreased (Table III) . ZN staining of radioautographs made it possible to establish the percentage of labeled and unlabeled macrophages containing BCG in the labeling experiments . After in vivo labeling, BCG was initially found more frequently in unlabeled cells than in labeled cells in both the AML and the NAML populations, but after 48 h after BCG injection, the percentages of BCG-containing labeled and unlabeled cells were roughly equal . In the in vitro labeling experiments, the percentage of BCG-containing cells was the same for labeled (i.e., DNA synthesizing) and unlabeled cells.
In the HC-treated animals, the percentage of BCG-containing macrophages was lower than in normal animals after BCG injection, but at the end of the observation period, the percentage of BCG-containing macrophages isolated by enzyme digestion equaled that found in untreated animals (Table III) . In the population isolated by lavage, the percentage of BCG-containing macrophages remained very low at all times (Table III) .
Histological Studies. Lungs fixed 6 h after BCG administration showed a predominantly granulocytic infiltrate in the pulmonary interstitium and engorgement of blood vessels, which were sometimes occluded by small emboli (Fig. 7) ; phagocytes seemed to be leaving the capillaries for the interstitial space, and no or very few signs of intra-alveolar bleeding were present . Fluorescence microscopy of auraminerhodamine-stained preparations showed that BCG were present throughout the interstitial tissue either as clumps, ranging from aggregates of a few bacteria to emboli measuring -10-20 gm in diameter, or as single bacteria, some of which had already been phagocytosed at 6 h after injection. At 48 h after BCG injection, the interstitial cellularity was even more pronounced, and capillaries were still moderately engorged. The interstitial infiltrate now consisted of a mixture of granulocytes, macrophages, and lymphocytes ; and in the alveolar spaces, some granulocytes were present among the alveolar macrophages (Fig. 7) . At 120 h after BCG injection, the cellularity of the interstitium had diminished to only slightly more than normal, but infiltrates with macrophages and lymphocytes were locally still present in the alveolar septa and perivascular areas (Fig. 7) . In lungs fixed after lavage, the number of macrophages left behind in the alveoli was higher than that in normal mice. Even though cellular details can be very distinct in methacrylate-embedded preparations, it was impossible to identify the majority of the cells in the interstitium with certainty, and therefore quantitation of macrophages in the tissue sections was not attempted .
Calculation of Kinetic Parameters of Pulmonary Macrophages after Intravenous Injection of BCG The total number of pulmonary macrophages is the result of the influx of blood monocytes, the production of pulmonary macrophages by local cell division, and the disappearance of pulmonary macrophages by efflux or cell death. The change in the number of pulmonary macrophages seen during an inflammatory reaction is caused by a temporary preponderance of one or a combination of these factors over the other factor(s) . Because the influx rate, local production rate, and disappearance rate may change during inflammation, the overall kinetics must be approximated by calculation of the mean rate constants of these processes over short intervals . During such an interval, the monocyte influx into the lungs represents a fraction of the total number of blood monocytes leaving the circulation in that period. The local production at maximum equals the quotient of the total number of DNA-synthesizing mononuclear phagocytes during the interval and the DNA-synthesis time (t8) of these cells, under the assumption that each DNA-synthesizing mononuclear phagocyte will divide and thus contribute one additional cell to the population.' Although the t., of these cells cannot be measured, it may be assumed that this time is not shorter than that of promonocytes during an inflammatory reaction (14) , i.e., 7.6 h in the first 12 h and 12 .8 h at later times. The number of pulmonary macrophages disappearing from the lungs during each period is a fraction of the total number of pulmonary macrophages .
The change in the total number of pulmonary macrophages over a period from t to t' can therefore be expressed by the equation : mononuclear phagocytes in the interval t to t', calculated with the in vitro labeling index (I), the total number of pulmonary macrophages (L), and the DNA-synthesis time (ts) ; k2 is the mean disappearance rate constant for pulmonary macrophages in the period from time t to t' ; and ftLdt the area under the curve of all pulmonary macrophages over the period from time t to t'. Similarly, the kinetics of labeled cells after in vivo labeling with [3 H]thymidine at t = 0 (the time of BCG administration) can be expressed in an equation . The difference between the numbers of in vivo labeled pulmonary macrophages present at times t and t' equals the difference between the numbers of labeled monocytes that have entered the lungs plus the numbers of labeled macrophages originating from cells pulse-labeled locally at time 0, minus the numbers of labeled cells that have disappeared from the lungs in the period from t to t'. It has been shown previously that under normal steady-state conditions (15) and during inflammation (14) , blood monocytes leave the circulation at random. For the present calculations, it was assumed that the disappearance of pulmonary macrophages during inflammation, by cell death or efflux, also occurs at random, because the course of the total numbers of labeled and unlabeled pulmonary macrophages does not contradict a random process . The change in the numbers of labeled pulmonary macrophages over the period from t to t' can then be expressed by the equation :
Lt,* -Lt * = pki BLUSSE VAN OUD ALBLAS ET AL .
t in which L* is the number of labeled pulmonary macrophages; B* the number of t'-t labeled blood monocytes ; X I X L is the difference in the number of locally t8 pulse-labeled cells plus their daughter cells at times t' and t. After t = ts, when all locally pulse-labeled cells have divided and given rise to the maximal number of labeled daughter cells (2 X I X L), this term is omitted from the equation .
With Eqs. 1 and 2, the mean values of pkl and k2 for the various intervals between the determinations can be calculated by substitution of the data given in Figs. 1, 2, 4 , and 5. With the values of pkl and k2 and the constituents of Eq. 1, it is possible to calculate the total monocyte influx, the total macrophage efflux from the lungs, and the maximal local production for each period . The results of these calculations are given in Table IV . Because virtually no labeled monocytes enter the lungs before t = 2, the calculations are not reliable for the first 2 h after BCG administration . A minimal monocyte influx during that period can, however, be calculated by disregarding the efflux during these 2 h. In that case, the monocyte influx equals the total increase of the pulmonary macrophage population minus the calculated local production in these hours. This value for the monocyte, influx is used to calculate the mean value of pkl for this period .
The error in the calculation of the values of pkl and k2 determined for the periods after 2 h after BCG administration is mainly dependent on the error in the values obtained for the differences between Lt and Lt, and between Lt* and LP. These important entities in the calculations ofpkl and k2 are initially large enough to permit fairly accurate estimates of the monocyte influx and the disappearance ofpulmonary macrophages up to 48 h after BCG administration . At later times, these differences are too small, in view of the error in the values obtained, to permit reliable estimates, as shown by the results given in Table IV. Thus, the calculations indicate that the total monocyte influx amounts to at least 4 X 106 cells and that the total macrophage efflux amounts to at least 3.5 X 106 cells during the total period of observation . The local production, for which the calculations provide reliable data for the total observation period, amounts to 2.1 X 106 cells in the period up to 144 h after BCG administration . Discussion These results show that intravenous injection into mice of heat-killed BCG leads to an extensive inflammatory reaction in the lungs that subsides after 4-5 d. During the inflammatory reaction, the early increase and maintenance of the larger pulmonary macrophage population are brought about primarily by the influx of blood monocytes, which become exudate macrophages and later acquire the characteristics of normal alveolar macrophages . The production of macrophages by locally dividing cells is temporarily increased during a period lasting from 1-4 d after the induction of the inflammation, but this plays only a minor role in the total kinetics ofthe inflammatory reaction .
The total influx of monocytes during the first 48 h after BCG injection amounted to^-4 X 10 6 cells, or eight times the normal influx in steady-state animals ., The total macrophage efflux during the first 48 h after BCG administration amounted to^-3.5 X 106 or seven times the efflux in normal animals.' The results of the calculations concerning influx and efflux for the period after 48 h after BCG injection are less accurate, because of the relatively strong influence of the error in the experimental data. The total local production of macrophages amounted to -0 .5 X 10 6 cells during the first 48 h after BCG administration and to slightly >2 X 106 cells over the period of 144 h after BCG administration, i.e., three times the normal local production during a period of the same duration .' The total monocyte influx is therefore at least double the total local macrophage production during the period under study and predominates particularly in the first 48 h after BCG administration. These quantitative results indicate that by 48 h after BCG administration, most of the pulmonary macrophages that were present at the time of BCG administration have been replaced by very recently arrived monocyte-derived cells .
The histological studies provide insight into the localization of the inflammatory reaction, but the tissue sections provide no quantitative data. However, the method used to isolate all pulmonary macrophages in two phases after the removal of circulating monocytes from the pulmonary blood vessels provides quantitative information about the total population and also about the alveolar macrophages, which are more easily washed out, and the remaining alveolar macrophages plus the interstitial macrophages obtained by enzyme digestion . The initially interstitial localization of the inflammatory reaction is indicated by the early increase of the number of macrophages isolated by enzyme digestion followed by a rise in number of macrophages isolated by lavage after 48 h after BCG is administered . The morphological characterization of the cells provides another approach for subdivision of the total number of cells . The NAML, which are virtually absent in normal lungs in the steady state, increase in number very quickly after BCG administration, accounting for most of the population increase in the first 12 h after BCG injection, and after that, their number diminishes gradually ; these macrophages resemble the exudate macrophages seen in other kinds of inflammatory reactions . The number of AML increases at later times ; these cells have the morphology characteristic of the alveolar macrophages found in normal animals, and these features can probably be acquired within a short time. It may therefore be assumed on morphological grounds alone that NAML represent the total population of interstitial macrophages and AML represent that of alveolar macrophages. Support for this assumption is provided by the finding that the interstitially deposited BCG are initially phagocytosed mainly by the NAML .
The intracellular BCG provide a marker that makes it possible to follow the course of the cells that are initially located in the interstitium : the gradual decrease in the number of BCG-containing NAML and the progressive increase in the number of BCG-containing AML, taken together, demonstrate that disposal of BCG takes place by migration of BCG-containing macrophages to the airways . Confirmation of this mechanism was obtained in the in vivo labeling experiments, i .e., the initially high number of labeled NAML (with a labeling index resembling that of circulating monocytes) and the gradual increase in the number of labeled AML at later times, when the number of labeled NAML was decreasing. It is therefore concluded that the NAML represent monocyte-derived exudate macrophages which, upon arrival in the alveoli, change into cells that are morphologically indistinguishable from the normal alveolar macrophages. Functionally, the AML differ slightly from the alveolar macrophages in normal animals (4) in that a larger percentage of the former phagocytose IgG-coated erythrocytes via the Fc receptor, and a larger percentage can be shown to carry C receptors . However, the presence of C receptors did not show correlation with the presence of intracellular BCG . If the presence of C receptors on AML reflects a state of activation, it is clear that in these cells activation does not depend on the intracellular presence of BCG.
In mice in the normal steady state, local production of macrophages by division of cells synthesizing DNA locally accounts for, at most, 30% of the total number needed for the maintenance of the pulmonary macrophage population .' The in vitro labeling of cells from animals given a BCG injection shows that local DNA synthesis by pulmonary macrophages rises from 2 .7% of the population normally to a maximum of 9 .6% at 72 h after BCG administration and later falls to 2.5% after 120 h after BCG administration, which indicates a temporarily enhanced production of pulmonary macrophages by local division . The calculations show, however, that monocyte influx is the main factor in the population increase during the inflammatory reaction.
The striking difference between AML and NAML in in vitro labeling is hard to explain . The labeling experiments show that neither physical contact with BCG nor the amount of phagocytosed BCG is a decisive factor for the induction of DNA synthesis. Although a difference in the maturation stage of the cells might play a role, it must be kept in mind that both monocyte influx and macrophage efflux are initially so high that virtually all macrophages present at the time of maximal local mitotic activity have arrived very recently from the circulation . Because the cells manifesting DNA synthesis have acquired the morphological characteristics of alveolar macrophages by the time that this synthesis starts, and because NAML have only a very low in vitro labeling index, it is probable that, for the cells capable of division, there is a lag time between the arrival in the lungs and the start of DNA synthesis. It has been shown that some monocytes and exudate macrophages, when cultured in vitro in the presence of macrophage growth factors, acquire the capacity to start DNA synthesis and to divide, but only after a certain lag time (16) . We may postulate that the locally dividing macrophages in the experiments reported here are similar cells, triggered in vivo to proceed to DNA synthesis during the inflammatory reaction . In reports of studies on experimental inflammation in murine livers, similar data concerning a temporarily increased number of locally DNA-synthesizing macrophages have been emphasized (17, 18) , and there is evidence that the level of local mitotic activity can differ according to the inflammatory stimulus applied (17) . Apparently a certain percentage of the exudate macrophages are capable of DNA synthesis and division, but the percentage that start to do so depends on the amount or characteristics of local factors generated by the inflammatory stimulus or on the type of the stimulus itself.
The observations in HC-treated mice injected with BCG show clearly that this drug prevents the initial increase in the number ofNAML seen in normal animals, although a slight rise occurs at later times, probably because of some influx of monocytes despite the HC-induced monocytopenia, as has been shown to occur in mice treated with HC only (13) . The increased local mitotic activity found in normal mice after BCG injection is largely absent in HC-treated mice, in which the in vitro labeling index never rises above 4%. Similar effects of HC on local mitotic activity during inflammation have been reported previously (17, 19) . This response may be dependent solely on the diminished influx ofcells capable of DNA synthesis, or on the diminished generation of presumed local factors inducing DNA synthesis, or on a diminished responsiveness of HC-treated macrophages to such factors, as has been found for the induction of activation in macrophages (20) .
The approach used in the present study, i.e., the induction of a sterile inflammation by intravenous injection of heat-killed BCG, is relevant for the understanding of the course of other inflammatory reactions caused by microorganisms that reach the lungs via the circulation . The overall kinetic mechanisms operating in the pulmonary macrophage population as described in this paper support the general conclusion that tissue macrophages derive mainly from circulating monocytes, and also exclude the existence of an interstitial pool of dividing precursor cells and provide evidence that the limited local production of pulmonary macrophages is the result of division of mononuclear phagocytes recently derived from the circulation and having the morphology of alveolar macrophages.
Summary
This report gives a quantitative description of the kinetics of the pulmonary macrophages and their direct precursors during the acute inflammatory reaction in the lungs induced by intravenous injection of heat-killed bacillus Calmette-Guerin (BCG) into specific-pathogen-free mice. After BCG injection, the total number of pulmonary macrophages isolated by lavage and subsequent enzyme digestion of lung tissue increased to 225% of normal within 12 h and, after a minor decrease, rose to a maximum of 250% of normal at 96 h, followed by a decrease to 150% at 144 h, the end of the observation period . The number of circulating monocytes doubled in the first 48 h and stayed close to that level . In vivo and in vitro labeling with [ 3H]-thymidine showed that an influx of monocytes transforming into pulmonary macrophages was mainly responsible for the population increase . A temporary increase in the number of locally dividing pulmonary macrophages-manifested by an increased in vitro labeling index, reaching a maximum of 9.6% 72 h after BCG injection-made a minor contribution to the population increase .
All pulmonary macrophages were classified according to morphological criteria as alveolar-macrophage-like (AML) or non-alveolar-macrophage-like (NAML), and their respective characteristics were established . The in vivo labeling data showed NAML to represent exudate macrophages derived from circulating monocytes entering the interstitial tissue, and these cells changed morphologically into AML upon entering the alveolar hypophase . This mechanism was confirmed by the finding that the interstitially deposited BCG were found first inside NAML and later in AML . The in vivo labeling data showed that local production was mainly a result of division of macrophages that were morphologically identical with normal alveolar macrophages . The former cells, however, derived most probably recently from the circulation, because the turnover of the total population was very high before local macrophage production became maximal . In mice treated with HC before the injection of BCG, this population increase was absent, because of virtual abolition of the initial monocyte influx and absence of the increased local production of macrophages.
Calculations showed that the monocyte influx in the first 48 h amounted to^-4 X 106 cells, i .e ., eight times that found in the normal steady state, and that the efflux of pulmonary macrophages in that period amounted to^-3 .5 X 106 cells, i .e ., seven times the normal efflux . The local production over the total period of 144 h was only three times that found normally. The results of these quantitative studies show that the increase of the pulmonary macrophage population during an acute inflammation is brought about mainly by monocyte influx and to a minor extent by a temporary increased local production of macrophages. Disposal of interstitially deposited BCG occurred by phagocytosis by local macrophages and the subsequent efflux of the latter.
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